N,N′-Dioctyl-2-[2-(trimethylsilyl)ethynyl)]-1,4,5,8-naphthalene tetracarboxylic acid diimide (7a)
N
TMS
To a stirred solution of N, N′-dioctyl-2-bromo-1,4,5,8-naphthalene tetracarboxylic acid diimide (6a, 47 mg, 0.083 mmol) in toluene (4 mL), PdCl 2 (PPh 3 ) 2 (5.8 mg, 0.008mmol) was added, and the resulting solution was further stirred for 30 min. at room temperature under argon atmosphere. Then, tributyl(trimethylsilyl)ethynyl))tin (96 mg, 0.025 mmol) was added, and the mixture was refluxed for 1 h. After cooling down, the mixture was evaporated under vacuum, and the residue was purified by 162.6, 162.19, 162.17, 161.2, 137.4, 131.2, 130.7, 127.1, 127.0, 126.3 (two carbons), 126.2, 125.5, 125.2, 110.4, 103.2, 41.0, 40.9, 31.8, 31.8, 29.2 (two carbons), 29.16, 29.13, 28.0, 27.9, 27.04, 27.01, 22.61, 22.59, 14 
The title compound was synthesized from N, N′-bis(2-ethylhexyl)-2-bromo-1,4,5,8-naphthalene tetracarboxylic acid diimide (6b) in the same manner as described above (yellow solid, 73% yield). (two carbons), 161.6, 137.5, 131.4, 130.8, 127.2, 127.1, 126.41, 126.35, 126.29, 125.7, 125.2, 110.3, 103.3, 44.5, 44.4, 37.9, 37.7, 30.6, 30.5, 28.6, 28.4, 24.0 at 60 o C. After stirred at the same temperature for 12 h, the mixture was stirred again at room temperature for 3 h under atmospheric condition. Then, the mixture was dropped into stirring water (400 mL) to precipitate a red solid. The precipitate was collected by filtration, and washed successively with water and methanol. The product was further purified by column chromatography on silica gel eluted with hexane: dichloromethane (1:3 v/v) to give an orange solid (1.61g, 65% 10, 163.07, 162.53, 162.46, 159.5, 147.9, 143.9, 130.2, 130.1 (two carbons), 126.3, 125.4, 124.5, 123.0, 118.0, 117.6, 41.2, 41.1, 31.8 (two carbons), 29.33, 29.29, 29.2 (two carbons), 28.1, 28.0, 27.19, 27.16, 22.6 50, 163.46, 163.03, 162.97, 159.3, 148.1, 144.0, 130.4, 130.2 (two carbons), 126.3, 125.4, 124.7, 123.2, 118.0, 117.7, 44.8, 44.6, 37.8 
S
Under argon atmosphere, 8a (990 mg, 1.6 mmol) was dissolved in THF (120 mL), and acetic acid (1.2 mL), and then, tetra-n-butylammmonium fluoride (1.0 M in THF, 16 mL) was added to the solution at 0 o C. After stirred for 3h at room temperature, the solution was diluted with methanol (120 mL 163.00, 162.6, 162.5, 144.69, 142.74, 140.1, 130.3, 130.2, 126.4, 125.46, 124.56, 123.9, 123.3, 118.6, 118.3, 41.1, 41.0, 31.8 162.6, 162.5, 162.1, 162.0, 145.2, 141.6, 132.3, 130.5, 130.5, 126.2, 126.1, 125.2, 124.3, 122.7, 117.1, 116.4, 41.1, 41.0, 31.8 163.5, 163.3, 163.0, 162.9, 145.9, 142.3, 132.3, 130.8, 130.7, 126.6, 126.5, 125.6, 124.9, 123.3, 117.7, 117.0, 44.8, 44.6, 37.92, 37.85, 30.7, 30.6, 28.6, 28.5, 24.03, 23.98, 23 A mixture of N, N'-bis(3-decylpentadecyl)-2,7-bis(trimethylstanyl) naphtho [2,3-b:6,7-b'] dithiophene-4,5,9,10-diimide (56 mg, 0.04 mmol), 9b (62 mg, 0.1 mmol), Pd(PPh 3 ) 4 (80 mg, 0.07 mmol) and toluene (3 mL) was heated to 100 °C for 12 h under argon atmosphere. After cooling to room temperature, the resulting precipitate was filtrated to obtain the crude product which was dissolved in Due to the low solubility, the 13 C NMR spectrum of 4b was unclear even with 20,000 scans. Under argon atmosphere, aqueous sodium carbonate solution (2 M, 0.75 mL, 1.5 mmol) was added to a solution of 7b (113 mg, 0.18 mmol), 1,3,5-tris(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzene (21 mg, 0.045 mmol), and tetrakis(triphenylphosphine)palladium(0) ((Pd(PPh 3 ) 4 , 0.7 mol, 8.0 mg) in 10 mL of dioxane, and the resulting mixture was refluxed for 36 h. After cooling, the reaction mixture was added dropwise into 100 mL water to precipitate a red solid, which was collected by filtration, washed successively with water and methanol. The crude product was dissolved into dichloromethane, and the solution was subjected to a short silica gel column firstly S7 eluted with neat dichloromethane to remove less-polar impurities, and then with dichloromethanemethanol (100: 1 v/v) to obtain the target molecule as an orange solid (60 mg, 58% yield 162.6, 162.5, 154.9, 144.9, 143.5, 135.4, 130.2, 130.0, 127.6, 126.1, 125.1, 124.8, 123.3, 121.0, 118.0, 117.8, 44.8, 44.7, 37.9, 37.78, 30.76, 30.7, 28.61, 28.55, 24.1, 24.0, 23 
Single crystal X-ray analysis of 1a
Single crystals of 1a suitable for single crystal X-ray analysis were obtained by recrystallization from chloroform. The X-ray crystal structure analyses was made on a Rigaku R-AXIS RAPID (Cu K radiation, = 1.54187 Å, graphite monochromator, T = 100 K. The structure was solved by the direct methods. Non-hydrogen atoms were refined anisotropically using SHELXL-2014 program, S3 
Theoretical calculations
Geometry optimizations and normal mode calculations of isolated molecules were performed at the B3LYP/6-31G(d) level using the Gaussian 09 program package. S4 Figure S1 . Calculated HOMO and LUMO of NDI, NDTI, NTI (1), NTI dimer (2), triads (3)(4), and NTI trimer (5). Note that all the alkyl groups are substituted with methyl group. The device characteristics were measured at room temperature under ambient conditions with a Keithley 4200 semiconducting parameter analyzer. Field-effect mobility ( FET ) was calculated in the saturation regime using the following equation,
Differential pulse voltammetry of NTI derivatives
where C i is the capacitance of the SiO 2 insulator, and V g and V th are the gate and threshold voltages, respectively. Current on/off ratio (I on /I off ) was determined from the I d at V g = -10 ~ 0 V (I off ) and V g = 40 V. The  FET data reported are typical values from more than nine different devices. 
Fabrication and characterization of OPV devices
Patterned ITO substrates (purchased from Atsugi Micro) were first pre-cleaned sequentially by sonicating in a detergent bath, de-ionized water, acetone, and isopropanol at room temperature, and in boiled isopropanol each for 10 min, and then baked at 120 °C for 10 minutes in air. The substrates were then subjected to a UV/ozone treatment at rt for 20 min. ZnO layer was prepared by spin-coating (at 5000 rpm, 30 sec) a precursor solution prepared from zinc acetate dehydrate (0.27 g) and ethanolamine (0.07 mL) in 2.5 mL of 2-methoxyethanol. Then, the substrates were annealed at 170 °C on a hot plate in air for 30 minutes and rinsed with aceton, isopropanol, and boiled isopropanol for 10 minutes. The glass/ITO/ZnO substrate was transferred into a nitrogen-filled glove box Figure S9 . Comparison of absorption spectra of 5b-, PTB7-Th-thin films, and EQE spectra of 5b-PTB7-Th-based OPV devices.
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